We perform a fully correlated study of 6 He hypernucleus with two-and threebaryon potentials. We investigate the role of every strength of the strangesector potentials on the energy breakdown and present a clear understanding of their interplay. The investigation determines the strength of the simulated Nijmegen potential, phenomenologically. We note that the consistency of calculations between 5 He and 6 He depends on the N space-exchange strength only, which incidentally determines it. This study is a step forward to pin down all the strengths, to resolve A = 5 anomaly and to search for recently conjectured 4 H in an authentic way. The study also suggests that the medium effect on strange-sector potentials often written as a repulsive three-body force may be well adapted at two-body level.
many single-hypernuclei having rich experimental statistics with a wide range of baryon numbers and orbital angular momentum 3 is a major thrust area of research. A theoretical study of hypernuclei requires a realistic Hamiltonian and a good wavefunction (WF) that includes all dynamical correlations induced by the potentials of the Hamiltonian. However, when the same is employed, computational complexities increase with increasing mass number A, irrespective of the many-body techniques involved. The FaddeevYakubovsky (FY) calculations [5] have not been extended to A 5 baryon hypernuclei, because therein calculational dimensions expand to an unmanageable situation. However, in the cluster Faddeev-Yakubovsky (CFY) approach, calculations have been made possible to A = 5 and 6 baryon hypernuclei [6, 7] . Along with these, the fully coupled channel stochastic variational (FCCSV) approach [8] and the fully correlated variational Monte Carlo (FCVMC) study [9, 10] have pushed the frontiers of the subject far ahead. The N space-exchange correlation (SEC) is built into all the above studies except for CFY. Being an important correlation, SEC affects every physical observable in 5 He [9] and also in 6 He [10] . There is a variational study [11] that ignores SEC and uses potential strengths that are obtained through a fit of -separation energies of single-mass 4 and 5 single hypernuclei [12] wherein too SEC is ignored and the interplay of strengths are not investigated. A purely central study [13] ignoring all operatorial terms in the Hamiltonian and wavefunction has been reported but such a study is far from being realistic.
A bound state for the recently conjectured 4 H is not found over a wide range of strengths in the FY search [14] . But, a recent FCCSV search [15] , in contrast to it, predicts a bound 4 H. Though, the search is not free of uncertainties. Various couplings of the 4 × 4 Hamiltonian matrix used as basic inputs in this approach are uncertain, especially those falling in the S = −2 sector for which there is no direct information from experiments in free space. The many-body effects on these strengths in a nuclear medium constitute another important issue, which modify the free-space results. The strong N -N transition potential in the S = −1 sector also lacks complete precision.
Potentials related to these couplings have got strong tensorial dependence, therefore, are sensitive to other operators of the WF, especially to the tensor operator. The expectation value of the tensor operator in a Jastrow WF for a closed-shell nucleus is zero, whereas the expectation value for its square is nonzero. This may lead to a quadratic dependence of the expectation value of the potentials with respect to their strengths. A slight variation in these may offset the variational WF and may result in an appreciable change in the energy breakdown and also in the total ground-state energy. Uncertainty in the strengths (basic input) leads to the uncertainty in the results as well as in the consistency of calculations.
These factors should be addressed carefully. It would be useful to investigate how results and consistency of calculations are affected with variations in the strengths and how do they interplay.
We follow a different approach other than the coupled channel formalism. One may always project out , , etc, degrees of freedom from this formalism. In the S = −1 sector, this would result in a three-baryon N N potential. It is written as a sum of two-pion exchange (TPE) attractive term and a repulsive term [16] [17] [18] like its non-strange counterpart, the NNN potential. The repulsive term is suggested by the suppression mechanism due to N -N coupling [19] [20] [21] [22] , which is a medium effect. For the S = −2 sector, we may use simulated Nijmegen potential models [7] . Thus, our basic ingredients are two-and threebaryon potentials. We then use a fully correlated WF as in [9] written for all the s-shell singleand double-hypernuclei. With such a Hamiltonian and WF, a microscopic study of sixbaryon double-hypernucleus is easily manageable without loosing any essential physics.
As an advantage, it may also be applied to the closed-shell 17 O hypernucleus [23] in the framework of the cluster Monte Carlo technique [24] .
Variations in strengths directly affect the expectation values of the respective potentials and also the WF as correlations are nothing but the solutions of these potentials. Moreover, there are sensitivities among various terms of the Hamiltonian and the operators of the WF [9] [10] [11] 23] . Thus, a change in any of the strengths may affect the complete energy breakdown. Bearing these factors in mind, we proceed in a systematic way. We perform a FCVMC study [9] of 5 He hypernucleus, using a realistic Hamiltonian and a fully correlated WF. It suggests that a study ignoring SEC would be misleading. In a subsequent study, we calculateseparation energy B = E4 He − E5 He and obtain solutions of all the strengths to reproduce experimental B exp = 3.12(2) MeV for the range of the strengths [25] . In order to know how do behaviours change with two quanta of strangeness, we extend our study to 6 He hypernucleus [10] , where SEC effects are found more evident because of the presence of a pair of hyperons.
In view of the sensitivities among various operators of the Hamiltonian and the WF, there is a need to investigate the role of every strength of the strange-sector potential on the energy breakdown and present a clear understanding of their interplay. In order to know their behavioural changes with the presence of a pair of hyperons instead of a single hyperon bound with the same core nucleus, we need to know a precise information on the potential strength. We determine it herein. Also, the non-trivial interplay of strengths requires us to search for a condition of consistency for the calculations of experimental -and -separation energies for 5 He and 6 He hypernuclei, respectively. This has incidentally led to the determination of space-exchange strength. These investigations constitute the core of the work presented in this paper.
For the S = −2 sector, we use various Nijmegen models representing 1 S 0 potential, which are simulated to a phase equivalent three-range Gaussian form [7, 26, 27] : The dimensionless quantity γ distinguishes amongst various Nijmegen potential models. For example, NSC97e, ND and NEC00 are represented by γ = 0.5463, γ = 1.0 and γ = 1.2044, respectively. The -separation energy B = E4 He − E 6 He , therefore, depends on the choice of the potential, which should be taken with caution. The expectation value of the potential would depend upon the choice of γ . It may affect the WF through its self-induced correlation due to the same reason mentioned above. For the S = −1 sector, we use charge symmetric N potential [28] :
Here, ε determines the odd-state potential, which is the strength of the space-exchange potential relative to the direct potential. P x ≡ P x is the Majorana space-exchange operator whose value is 1(−1) for = 0(1). The constants, v and v σ , are respectively the spin-average and spindependent strengths. The functions v c (r) is the Saxon-Woods core and T π (r) is the one-pion tensor shape factor defined as
The Hamiltonian for the A-baryon double-hypernucleus reads
Here, H NC is the nuclear core (NC) Hamiltonian and H n is the Hamiltonian arising due to an individual n . Subscripts i, j and k refer to nucleons. Obviously, H NC + H n is the Hamiltonian for the (A − 1)-baryon single-hypernucleus. For the S = 0 sector, we use well-established Argonne v 18 [29] NN potential and Urbana-type NNN potential [30] . The N N potential is the sum of a repulsive dispersive term [16] 
and a TPE term for P-and S-wave π − N scatterings [18]
and
with
and 
In this, as well as in equation (3), c is cutoff. In order to know the role of strange-sector potential strengths and the various sensitivities among them, we should bear in mind the findings of previous studies [9, 10, 23, 31] . We should also note a couple of simplifications that arise (i) due to strong suppression of S-wave N N potential as its non-strange counterpart S-wave NNN potential [18] and also (ii) due to weak spin part of the N potential for the spin-zero core nucleus. Therefore, variations in these potential strengths, C S and v σ , are hardly noteworthy. The C S is, however, reasonably fixed to 1.5 MeV as in [25] . Therefore, strengths which matter for this study are v, ε, C P and W D . We perform calculations for the ground-state energies with respect to variations in these strengths. We first reproduce B exp (v, ε, C P , W D ) for a range of the strengths. Thereafter, using the same set of strengths, we plot a sensitivity graph between B (v, ε, C P , W D , γ ) and the only free-strength γ for three values of ε and three values of v in figure 1 . This shows that although B increases with increasing γ , a linear relationship, ∂B /∂ε ≈ c 1 , always exists irrespective of the values of γ and v. However, slope c 1 is found changing with variations in these two strengths. As expected, results are sensitive to the spin-averaged strength v, the above-mentioned slope is affected more in case of 6 In order to see the effect of a change in the strength C P of the TPE potential on the energy breakdown, we double the value of C P from 0.75 to 1.5 MeV and repeat our calculations with a suitable W D that reproduces B exp . Using the same strengths, we perform calculations for B . The effect of such a change in C P on the complete energy breakdown is presented in table 1 for v = 6.10 MeV and ε = 0.2 only. As mentioned before with reason, C P is sensitive to operators and especially to the tensor operator, hence to its self-induced correlation. Thus, a change in it offsets the WF, and hence complete energy breakdown as seen in table 1. Due to this reason, we observe a significant effect in every piece of energy. The B corresponding to both the values of C P are found close to each other. Because, at this value of ε, a change in the NC part of the energy is balanced by an opposite change in the part of the energy. Hence, the total ground-state energy of the hypernucleus remains almost the same.
At a value of ε ≈ 0.18(1), various sets of strengths with different v reproducing B exp converge at a particular value of B for any value of γ (see figure 1) . Thus, by adjusting γ , we may reproduce B exp = 7.25 (19) MeV for the same set of strengths that reproduce B exp .
Incidentally, it determines the space-exchange strength ε as calculations for 5 He and 6 He are found consistent for ε ≈ 0.18(1). Millener [32] also suggests a small value for ε. In figure 1 , We also observe that 0.85 < γ < 0.95 reproduces B exp at this value of ε. Thus, we have determined the value of γ , phenomenologically. The study [11] lacks SEC. It plots 2B -B with respect to γ keeping all other strengths fixed but the N spin-averaged strength.
Although results are in line with the present findings, it does not determine γ . Moreover, it is not possible to determine it without understanding the non-trivial interplay of all the strengths. On top of that SEC effects should be taken into account.
There is a crucial interplay between ε and C P through the density effects. Variations in ε affect the baryon density profiles through the repulsive central N correlations and SEC [9] 6 He hypernucleus for ε = 0.2 and v = 6.10 MeV. The C P = 0.75 energies are taken from [10] for comparison. All quantities are in units of MeV. Subscripts i, j and k refer to nucleons, and λ to hyperons. (6) as they are solutions of the Schrödinger equation involving ε in the N potential. The N central correlation pushes the nucleons at the centre and towards the periphery, however, SEC weakens this effect [9, 10] . This leads to modifications in densities with changing ε, which affects the energy breakdown, even its central pieces. The density effects directly appear in the TPE potential through T π (r) and Y π (r) functions, which in turn affects the WF through its sensitivity with operators. Thus, C P is non-trivially correlated with ε. The expectation value of the TPE potential increases from −6.01(2) MeV to −16.27(5) MeV for a two-fold increase in its strength C P (table 1) , which suggests a departure from the linear behaviour. This strength has a strong effect on the NC part of the energy (E NC ). As a result, NC is more polarized for higher value of C P (table 1) . Nemura et al [33] too have noticed strong sensitivity between E NC and the tensorial N -N transition potential. A similar study of 4 H, 4 H * and 5 H hypernuclei may decide all the strengths of strangesector potentials in a single shot, and hence may resolve the A = 5 anomaly [17, 34] with no additional effort. This investigation is under consideration, which would be followed by an authentic search for 4 H. The knowledge would be helpful to bridge the gap in our fundamental understanding of baryon-baryon forces.
To conclude with, we have determined the strength γ that turns out to be between 0.85 and 0.95. We have also determined the space-exchange strength ε as calculations for 5 He and 6 He are found consistent with ε ≈ 0.18(1) only. Besides, we have understood the behaviour of all the strengths of strange-sector potentials except for the spin-dependent strength of the N potential (v σ ), which does not matter for the spin-zero core nucleus.
Some improvements in the Hamiltonian may be suggested. For example, inclusion of the RPA terms [35] that lead to a dependence of the potential in the medium. It provides a moderate attraction. In addition to it, a moderate repulsion associated with Pauli blocking on the intermediate N state in a coupled channel approach [36] is another medium effect. These refinements would be considered in near future.
